Introduction {#S0001}
============

Despite much progress in the diagnosis and treatment, renal cancer remains one of the most deadly urological malignancies. Among the risk factors, smoking, obesity and hypertension are closely related to renal cancer.[@CIT0001] Early treatment of advanced and metastatic renal cancer is disappointing, such as chemotherapy, hormone therapy and radiation therapy.[@CIT0002] Lack of effective clinical diagnosis and treatment planning is one of the main causes of renal cancer mortality.[@CIT0003]

An abundant and conserved microRNA (miRNA), miR-122-5p plays an important role in maintaining liver function, and its abnormal expression may contribute to the occurrence and development of various liver diseases by affecting hepatitis C virus RNA, liver metabolism and drug resistance and so on.[@CIT0004]--[@CIT0008] Moreover, miR-122-5p is involved in several cancers such as colorectal cancer, melanoma, gastric cancer and lung cancer.[@CIT0009]--[@CIT0012] Growing evidence has confirmed that miR-122-5p is upregulated in the tissue and serum of clear cell renal cell carcinoma (ccRCC). Previous research found that upregulated miR-122-5p induces epithelial--mesenchymal transition (EMT) by downregulating Dicer, which contributes to metastatic ccRCC.[@CIT0013] Furthermore, overexpressed miR-122-5p is correlated with poor prognosis of ccRCC patients. It has been found that miR-122-5p directly targets occludin in ccRCC cells, which affects malignant phenotypes in ccRCC.[@CIT0014] Another study demonstrated that miR-122-5p is highly expressed in ccRCC patients' serum, furthermore, its high expression has correlation with metastasis and grade.[@CIT0015]

Programming energy metabolism is major hallmark of cancers.[@CIT0016] Glycolysis is a metabolic pathway that converts glucose to pyruvate, ultimately leading to lactic acid production. Glycolysis is the main way of supplying energy to tumor cells.[@CIT0017] Glucose uptake and glycolysis are increased in cancer cells, which is also known as the Warburg effect.[@CIT0018] Metabolic reprogramming has a strong influence on tumor proliferation, apoptosis, metastasis and angiogenesis.[@CIT0019] A variety of oncogenes and tumor suppressor genes are involved in the regulation of metabolic pathways. Although this phenomenon was described by Otto Warburg more than 50 years ago, the molecular mechanism remains elusive.[@CIT0020] It has been confirmed that PKM2 plays a critical role in metabolic reprogramming.[@CIT0021] PKM2, one of the four isozymes of pyruvate kinase (PK), is mainly expressed in rapidly proliferating cell such as embryonic cells and cancer cells.[@CIT0022] Increasing research suggested that PKM2 plays a key role in cancer progression via metabolic pathways.[@CIT0023] Therefore, PKM2 may become a potential diagnostic or therapeutic target for cancer.

Further research on the molecular mechanisms of renal cancer could provide novel diagnostic or therapeutic targets for renal cancer. Thus, in our study, we further explored the role of miR-122-5p in renal cancer metabolism. Our findings provide a novel insight into the regulation of anaerobic glycolysis and the development of renal cancer.

Materials And Methods {#S0002}
=====================

Cell Culture {#S0002-S2001}
------------

Human ccRCC cell lines (786-O and Caki-1), human renal adenocarcinoma cell line (Achn) and normal proximal tubular epithelial cell line (HK2) were obtained from Shanghai Cell Bank (China). All cells were cultured in RPMI 1640 medium and Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum (FBS), 100 kU/L, penicillin and 0.1 g/L streptomycin at 37°C in a humidified 5% CO~2~ incubator.

Quantitative Real-Time PCR (RT-qPCR) {#S0002-S2002}
------------------------------------

Total RNA was extracted from cells using TRIol reagent (EZBioscience, USA) according to the manufacturer's instructions. For detection of miRNA expression, cDNA was synthesized using the qScript miRNA cDNA Synthesis Kit (Quantabio, Beverly, MA). The RT-qPCR was performed with the Advance Universal SYBR Green Supermix reagents (BIO-RAD, USA) under the following thermocycling conditions: 95°C for 2 mins, and 40 cycles of 95°C for 5 s and 60°C for 30 s. For detection of mRNA expression, the cDNAs were synthesized using RevertAid First Strand cDNA synthesis Kit (Thermo, USA) under the following thermocycling conditions: 95°C for 5 mins, and 40 cycles of 95°C for 20 s and 62°C for 30 s, followed by 72°C for 3 mins. The primers of miR-122-5p, AKT3, mTOR, PKM2, PI3K, U6 and GADPH are shown in [Table 1](#T0001){ref-type="table"}. The miRNA and mRNA expression levels were calculated using 2^−ΔΔCT^ methods. U6 was used as an internal control of miRNA-122-5p, and GAPDH served as an internal control of mRNAs, respectively.Table 1The Primers Of Genes For RT-qPCRTarget GenesPrimer Sequence (5ʹ--3ʹ)miR-122-5p5ʹ-ACACTCCAGCTGGGAACGCCATTATCACAC-3ʹ(forward)\
5ʹ-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTATTTAGT-3ʹ(reverse)AKT35ʹ-TGTGGATTTACCTTATCCCCTCA-3ʹ(forward)\
5ʹ-GTTTGGCTTTGGTCGTTCTGT-3ʹ(reverse)mTOR5ʹ-ATGCTTGGAACCGGACCTG-3ʹ(forward)\
5ʹ-TCTTGACTCATCTCTCGGAGTT-3ʹ(reverse)PKM25ʹ-CTCGCTTCGGCAGCACA-3ʹ(forward)\
5ʹ-AACGCTTCACGAATTTGCGT-3ʹ(reverse)PI3K5′-ATACCGCGGACTGTGTTTCCAGTACACCT-3′(forward)\
5′-GCCCTGCAGACTGACCGTGACATCCTC-3′(reverse)U65ʹ-GGAGCGAGATCCCTCCAAAAT-3ʹ(forward)\
5ʹ-GGCTGTTGTCATACTTCTCATGG-3ʹ(reverse)GAPDH5ʹ-GGAGCGAGATCCCTCCAAAAT-3ʹ(forward)\
5ʹ-GGCTGTTGTCATACTTCTCATGG-3ʹ(reverse)

Detection Of Glucose Consumption And Lactate Production {#S0002-S2003}
-------------------------------------------------------

For the glucose consumption assay, 1 nmol/μL glucose standard stock solution was plated into 96-well plates (Thermo, USA) as 0, 2, 4, 6, 8 and 10 nmol/well at 37°C for 30 mins in the dark. The supernatant of cells was incubated onto 96-well plates at 37°C for 30 mins in the dark. The glucose consumption was then measured using glucose colorimetric/fluorometric assay kit. For the lactate production assay, lactate standard was plated into 96-well plates as 0, 0.031, 0.063, 0.125, 0.25, 0.5, 1 and 2 μmol/mL. The cells were incubated with 50 μL Biotin-detection antibody solution at 37°C for 30 mins, followed by incubation with 100 μL HRP-streptavidin Conjugate (1:100) at 37°C for 30 mins in the dark. After washing, the cells were incubated with 90 μL TMB substrate at 37°C for 15--30 mins in the dark. After adding 50 μL stop buffer, the lactate production was measured using lactate (human) ELISA kit within 20 mins. The absorbance was measured at 450 nm using a microplate reader (Bio-Rad).

Western Blot {#S0002-S2004}
------------

786-O cells were lysed using RIPA lysis (Beyotime, Shanghai, China) containing protease inhibitors (Bimake, USA). A BCA protein concentration assay kit (Beyotime, Shanghai, China) was used to measure protein concentrations of cell lysates. The cell lysates were separated by SDS-PAGE (Beyotime, Shanghai, China) and transferred onto PVDF membranes (Millipore, USA). Then, the membranes were blocked by blocking solution containing 5% skim milk powder or 5% BSA at room temperature for 2 hrs. The PVDF membranes were incubated with primary antibodies overnight, which were then incubated with secondary antibodies at room temperature for 2 hrs. The primary antibodies included PKM2 (1:1000, CST, USA), LC3 (1:1000, CST, USA), pyruvate dehydrogenase (PDH; 1:1000, CST, USA) and GAPDH (1:1000, CST, USA). The proteins were visualized using a ClarityTM Western ECL Substrate Kit (Bio-Rad, USA) and ChemiDocTM Touch Imaging System (Bio-Rad, USA).

Cell Transfection {#S0002-S2005}
-----------------

MiR-122-5p inhibitor, siPKM2 or the corresponding negative controls was transfected into 786-O cells using lipofectamine reagent (Invitrogen, USA). The miR-122-5p inhibitor and siPKM2 were synthesized by Sai Lan Biological Technology Co., Ltd. (Zhejiang, China). The sequences of primers were as follows: negative control sense, 5ʹ-UUCUCCGAACGUGUC,ACGUTT-3ʹ; negative control antisense, 5ʹ-ACG UGA CAC GUU CGG AGA ATT-3ʹ; siPKM2-1, 5ʹ-CCAUAAUCGUC,CUCACCAATT-3ʹ; siPKM2-2, 5ʹ-UUGGUGAGGACGAU,UAUGGTT-3ʹ; human miR-122-5p inhibitor, 5ʹ-CAAACAC,CAUUGUCACACUCCA-3ʹ.

Cell Counting Kit-8 (CCK-8) Assay {#S0002-S2006}
---------------------------------

The cell viability was measured using CCK-8 assay. 786-O cells were plated into 96-well plates and incubated overnight. A total of 10 μL CCK-8 reagent was added 96-well plates and incubated at 37°C for 1 hr in the dark. The OD value was read at 450 nm, and the cell viability was calculated.

Flow Cytometry {#S0002-S2007}
--------------

The cultured 786-O cells were washed with cold PBS twice and then were fixed with ice-cold methanol for 15 mins. Apoptotic cells were first marked with Annexin V-FITC/Propidium Iodide (PI) (KeyGene Biotech.), and then analyzed on Flow Cytometer (ACEA, Zhejiang, China) according to the manufacturer's protocols. For cell cycle, cells were only stained with PI and analyzed on the Flow Cytometer.

Wound Healing Assay {#S0002-S2008}
-------------------

786-O cells were incubated in 6-cm dishes overnight. After that, miR-122-5p inhibitor or siPKM2 was transfected into 786-O cells overnight. When the cells were grown to about 95%, serum-free medium was added. A total of 10 μL tip was used for cell scratch treatment (two parallel lines). Each group was photographed (100×) at 0 hr, and the distance between the scratches of each group was recorded. After 24 hrs, the cells were observed under an inverted microscope (Nikon, Japan) and photographed by Leica Application Suite software (100×). Furthermore, the scratch distance was used to calculate the cell migration viability of each group.

Cell Fraction Assay {#S0002-S2009}
-------------------

786-O cells were lysed using membrane lysis buffer (10 mM HEPES, pH 8.0, 1.5 mM MgCl~2~, 10 mM KCl, 1  mM DTT and 1% Igepal CA-630), then vortexed and centrifuged at 13,200 rpm for 5 mins. The supernatant was harvested as the cytoplasmic fraction. The pellets were re-suspended with RIPA buffer (Millipore), and sonicated twice on ice and centrifuged at 13,200  rpm for 15 mins. The supernatant was the nuclear fraction. The cytoplasmic fraction and the nuclear fraction were analyzed by Western blot.

Statistical Analysis {#S0002-S2010}
--------------------

All data are presented as mean ± standard deviation (SD) at least three independent experiments. Statistical analyses were performed using GraphPad Prism 7.0 software (GraphPad Software, San Diego, CA, USA). The difference between two groups was analyzed using Student's *t*-test. For pairwise multiple comparisons, while one-way analysis of variance (ANOVA) followed by Tukey's multiple comparison test was performed. P-value \< 0.05 was considered to be statistically significant.

Results {#S0003}
=======

miR-122-5p Is UpRegulated In Renal Cancer Cells {#S0003-S2001}
-----------------------------------------------

To explore the function of miR-122-5p in renal cancer, the expression of miR-122-5p in renal cancer cells was detected. The RT-qPCR results revealed that the expression of miR-122-5p in renal cancer cells was higher than in HK2 cells. Furthermore, we found that the expression levels of miR-122-5p in 786-O and Achn cells were higher than in Caki-1 cells ([Figure 1](#F0001){ref-type="fig"}).Figure 1RT-qPCR results showed that miR-122-5p is upregulated in renal cancer cells compared to HK2 cells (\*\*p\<0.01).

Altered Energy Metabolism In Renal Cancer Cells {#S0003-S2002}
-----------------------------------------------

We investigated the mRNA expression of PI3K, AKT3, mTOR and PKM2 in renal cancer cells. The results showed that the expression levels of PI3K, AKT3, mTOR and PKM2 in all renal cancer cells were higher than in HK2 cells. There were significant differences in the expression levels of PI3K, AKT3, mTOR and PKM2 among different renal cancer cells ([Figure 2A](#F0002){ref-type="fig"}). In addition, we detected the energy metabolism in different renal cancer cells. As shown in [Figure 2B](#F0002){ref-type="fig"} and [C](#F0002){ref-type="fig"}, the glucose consumption and lactate production in all renal cancer cells were significantly higher than in HK2 cells. Moreover, 786-O cells had the highest glucose consumption and lactate production. Therefore, 786-O cell lines were chosen for subsequent analysis.Figure 2Altered energy metabolism in renal cancer cells. (**A**) RT-qPCR results showed the relative mRNA expression levels of PI3K, AKT3, mTOR and PKM2 in renal cancer cells. (**B, C**) The glucose consumption and lactate production in renal cancer cells (\*p\<0.05; \*\*p\<0.01; \*\*\*p\<0.001; \*\*\*\*p\<0.0001).

miR-122-5p Could Inhibit PKM2 Expression In 786-O Cells {#S0003-S2003}
-------------------------------------------------------

After 786-O cells transfected by miR-122-5p inhibitor, RT-qPCR results demonstrated that the mRNA expression of miR-122-5p after transfection was obviously lower than control group ([Figure 3A](#F0003){ref-type="fig"}), suggesting that 786-O cells were successfully transfected by miR-122-5p inhibitor. Then, we investigated the protein expression of PKM2 in 786-O cells transfected by miR-122-5p inhibitor. Western blotting analysis results showed that the protein expression of PKM2 in 786-O cells transfected by miR-122-5p inhibitor was significantly higher than in the control group ([Figure 3B](#F0003){ref-type="fig"} and [C](#F0003){ref-type="fig"}). Therefore, miR-122-5p could suppress PKM2 expression in 786-O cells.Figure 3MiR-122-5p could inhibit PKM2 expression in 786-O cells. (**A**) RT-qPCR results showed that the mRNA expression of miR-122-5p in 786-O cells transfected by miR-122-5p inhibitor was obviously lower than of control group. (**B, C**) Western blot analysis results showed that the protein expression of PKM2 in 786-O cells transfected by miR-122-5p inhibitor was significantly higher than of control group. (**D, E**) The protein expression of PKM2 in 786-O cells transfected by siPKM2 was significantly lower than control group using Western blot analysis (\*p\<0.05; \*\*p\<0.01; \*\*\*p\<0.001).

In addition, we tested the expression of PKM2 in 786-O cells transfected by siPKM2. Western blotting analysis results showed that the expression of PKM2 in 786-O cells transfected by si-PKM2 was significantly lower than control groups ([Figure 3D](#F0003){ref-type="fig"} and [E](#F0003){ref-type="fig"}). Therefore, 786-O cells were successfully transfected by siPKM2.

Knockdown Of miR-122-5p Or PKM2 Promotes Renal Cancer Cell Viability {#S0003-S2004}
--------------------------------------------------------------------

We further investigated whether miR-122-5p could affect renal cancer cell viability. As shown in [Figure 4](#F0004){ref-type="fig"}, CCK-8 assay results showed that the cell viability of 786-O cells was significantly reduced after transfection by siPKM2 or miR-122-5p inhibitor compared with control groups. Moreover, we found that the cell viability of 786-O cells transfected by miR-122-5p inhibitor was obviously higher than that of 786-O cells transfected by siPKM2. We have found that the expression of PKM2 was elevated after silencing miR-122-5p. Therefore, miR-122-5p could promote renal cancer cell viability by inhibiting PKM2.Figure 4Knockdown of miR-122-5p or PKM2 suppresses renal cancer cell viability using CCK-8 assay (\*\*\*\*p\<0.0001).

Knockdown Of miR-122-5p Or PKM2 Affects Cell Cycle Progression {#S0003-S2005}
--------------------------------------------------------------

We investigated whether miR-122-5p or PKM2 could affect cell cycle of renal cancer cells. After transfection by siPKM2, the G1 phase of 786-O cells was significantly blocked, and the S phase was significantly increased. After transfection of miR-122-5p inhibitor, the S phase of 786-O cells was significantly increased, and the G1 and G2 phases were significantly shortened. In addition, after 786-O cells transfected by miR-122-5p, PKM2 expression was up-egulated and the G1 phase was longer than 786-O cells transfected by siPKM2 ([Figure 5A](#F0005){ref-type="fig"} and [B](#F0005){ref-type="fig"}). Therefore, knockdown of miR-122-5p or PKM2 could affect cell cycle progression in renal cancer cells.Figure 5Knockdown of miR-122-5p or PKM2 affects cell cycle progression of renal cancer cells. (**A, B**) The cell cycle of 786-O cells was detected with flow cytometry assay (\*\*\*\*p\<0.0001).

Knockdown Of miR-122-5p Or PKM2 Promotes Renal Cancer Cell Apoptosis {#S0003-S2006}
--------------------------------------------------------------------

We found that the apoptosis of 786-O cells transfected by siPKM2 or miR-122-5p inhibitor was significantly increased compared to control groups ([Figure 6A](#F0006){ref-type="fig"} and [B](#F0006){ref-type="fig"}). Moreover, the apoptosis rate of 786-O cells transfected by siPKM2 was significantly higher than 786-O cells transfected by miR-122-5p inhibitor. Thus, knockdown of miR-122-5p or PKM2 could promote renal cancer cell apoptosis.Figure 6Knockdown of miR-122-5p or PKM2 promotes renal cancer cell apoptosis. (**A** and **B**): The apoptosis of 786-O cells was detected with flow cytometry assay (\*p\<0.05; \*\*\*p\<0.001; \*\*\*\*p\<0.0001).

Knockdown Of miR-122-5p Or PKM2 Inhibits Renal Cancer Cell Migration {#S0003-S2007}
--------------------------------------------------------------------

Wound healing assay results revealed that migration ability of 786-O cells was significantly suppressed after transfection by miR-122-5p inhibitor or siPKM2. The above results suggest that knockdown of miR-122-5p or PKM2 inhibits renal cancer cell migration ([Figure 7A](#F0007){ref-type="fig"} and [B](#F0007){ref-type="fig"}).Figure 7Knockdown of miR-122-5p or PKM2 inhibits renal cancer cell migration. (**A** and **B**) The migration ability was detected in 786-O cells transfected miR-122-5p inhibitor or siPKM2 for 24 hrs (\*\*p\<0.01; \*\*\*p\<0.001; \*\*\*\*p\<0.0001).

Inhibiting miR-122-5p Promotes Glycolysis Of Renal Cancer Cells By PKM2 {#S0003-S2008}
-----------------------------------------------------------------------

We also detected whether miR-122-5p could affect the glycolysis of renal cancer cells. Our results showed that the glucose consumption was significantly decreased in 786-O cells transfected by siPKM2 compared with control group ([Figure 8A](#F0008){ref-type="fig"}). However, after inhibiting miR-122-5p, the glucose consumption of 786-O cells was elevated. Furthermore, we found that the glucose consumption of 786-O cells transfected by siPKM2 was obviously lower than 786-O cells transfected by miR-122-5p inhibitor. In addition, the lactate production was significantly increased in 786-O cells transfected by siPKM2 ([Figure 8B](#F0008){ref-type="fig"}). However, after transfection with miR-122-5p inhibitor, the lactate production of 786-O cells was inhibited compared with siPKM2 group. We also examined the expression of protein involved in glucose metabolism of renal cancer cells. The results showed that the expression of PDH was increased in 786-O cells transfected by miR-122-5p inhibitor ([Figure 8C](#F0008){ref-type="fig"} and [D](#F0008){ref-type="fig"}). These results indicated that inhibiting miR-122-5p might promote glycolysis of renal cancer cells by targeting PKM2.Figure 8Inhibiting miR-122-5p promotes glycolysis of renal cancer cells by PKM2. (**A**) The glucose consumption of 786-O cells transfected by siPKM2 or miR-122-5p inhibitor. (**B**) The lactate production of 786-O cells transfected by siPKM2 or miR-122-5p inhibitor. (**C, D**) Western blot analysis results showed that the expression of PDH was significantly increased in 786-O cells transfected by miR-122-5p inhibitor (\*p\<0.05; \*\*p\<0.01; \*\*\*p\<0.001).

miR-122-5p Could Be Involved In Autophagy Of Renal Cancer Cells {#S0003-S2009}
---------------------------------------------------------------

It has been well demonstrated that autophagy may have association with renal cancer.[@CIT0024] In this study, Western blot analysis results showed that LC3II/I was elevated in 786-O cells treated with miR-122-5p inhibitor ([Figure 9A](#F0009){ref-type="fig"} and [B](#F0009){ref-type="fig"}), suggesting that miR-122-5p could be involved in autophagy of renal cancer cells.Figure 9MiR-122-5p could be involved in autophagy of renal cancer cells. (**A, B**) Western blot analysis results showed the expression levels of LC3II/I in 786-O cells treated with miR-122-5p inhibitor (\*\*p\<0.01; \*\*\*p\<0.01).

Inhibiting miR-122-5p Promotes PKM2 Nuclear Translocation {#S0003-S2010}
---------------------------------------------------------

We further observed whether miR-122-5p could affect PKM2 nuclear translocation. In this study, we found that miR-122-5p inhibitor treatment increased the nuclear translocation of PKM2 in 786-O cells ([Figure 10A](#F0010){ref-type="fig"}--[C](#F0010){ref-type="fig"}), indicating that the activity of PKM2 might be affected by miR-122-5p in renal cancer cells.Figure 10Inhibiting miR-122-5p promotes PKM2 nuclear translocation in 786-O cells. (**A**--**C**): The nuclear location of PKM2 in 786-O cells under miR-122-5p inhibitor treatment (\*\*p\<0.01; \*\*\*p\<0.01).

Discussion {#S0004}
==========

In the present study, we found that overexpressed miR-122-5p promotes cell viability, proliferation, migration, glycolysis and autophagy of renal cancer cells by negatively regulating PKM2.

Altered cell metabolism is critical for tumorigenesis, which is regulated by complex networks. In a fully oxidized environment, cancer cells increase glucose uptake along with increased lactic acid production.[@CIT0021] In our study, we found that glucose consumption and lactate production were increased in renal cancer cells. Metabolic reprogramming is a hallmark of cancer that is caused by changes in transcription, translation and post-translational events that collectively coordinate increased activity within cancer cells.[@CIT0025] Many genes involved in oxygen sensing, chromatin stabilization and cell metabolism are abnormally expressed in renal cancer cells.[@CIT0026] Despite the development of therapeutic methods, frequent recurrences and treatments have many side effects.[@CIT0027] Therefore, there is an urgent need to explore novel specific therapeutic targets.

MiRNAs have been found to be potential therapeutic targets for the treatment of renal cancer.[@CIT0028]--[@CIT0032] MiRNAs have been found to play important roles in a variety of cellular processes. Among them, miR-122-5p has been shown to be involved in the progression of various cancers, including renal cancer.[@CIT0033],[@CIT0034] Our study found that miR-122-5p is highly expressed in renal cancer cells. After knockdown of miR-122-5p, the cell viability of 786-O cells was significantly reduced after transfection by si-miR-122-5p at 48 hrs. After knockdown of miR-122-5p, the S phase of 786-O cells was significantly increased, and the G1 and G2 phases were significantly shortened. Therefore, miR-122-5p could affect cell cycle of renal cancer cells. At the same time, the low expression of miR-122-5p promoted cell apoptosis and inhibited cell migration for renal cancer cells. Therefore, knockdown of miR-122-5p inhibited cell viability.

PI3K/AKT/mTOR signaling pathway in renal cell carcinoma has a critical role in oncogenesis. It has been confirmed that its dysregulation is related to poor prognosis in renal cell carcinoma.[@CIT0035] In the present study, we found that PI3K, AKT3 and mTOR were upregulated in renal cancer cells.

PKM2 is a crucial regulator in glycolysis, and its high expression contributes to the rapid proliferation of cancer cells.[@CIT0036]--[@CIT0038] In our study, PKM2 was highly expressed in ccRCC cells. After knockdown of PKM2, the proliferation and migration abilities of renal cancer cells were significantly decreased. Furthermore, we found that apoptosis and autophagy were both significantly increased after inhibiting PKM2. Our results indicated that PKM2 affects the cell viability of renal cancer cells and participates in metabolic reprogramming in ccRCC cells, which was consistent with previous research. Previous study has confirmed that upregulated PKM2 promotes ccRCC cell proliferation, high glucose consumption and high lactate production.[@CIT0039]--[@CIT0041] Furthermore, in this study, we found that PKM2 may become a new target for miR-122-5p. Because, after miR-122-5p knockdown, the expression level of PKM2 was significantly increased in 786-O cells. Previous studies have found that PKM2 may be a target of miR-122-5p through the public miRNA database (TargetScan), and the 3ʹ-untranslated region (3ʹ-UTR) of PKM2 contains a highly conserved binding site for miR-122-5p.[@CIT0042]

Therefore, we found that overexpressed miR-122-5p promotes cell viability, proliferation, migration, glycolysis and autophagy of renal cancer cells by negatively regulating PKM2. Our findings shed novel light on molecular research in renal cancer, which provides a new solid foundation for the development of renal cancer therapy.

Conclusion {#S0005}
==========

In our study, we found that miR-122-5p could inhibit the expression of PKM2 in renal cancer. Knockdown of PKM2 or miR-122-5p significantly inhibited renal cancer cell proliferation, migration and promoted apoptosis and autophagy. Furthermore, knockdown of PKM2 contributed to metabolic reprogramming. Therefore, upregulated miR-122-5p facilitates cell viability, proliferation, migration, glycolysis and autophagy of renal cancer cells by negatively regulating PKM2.

Abbreviations {#S0006}
=============

PKM2, pyruvate kinase M2; miRNA, microRNA; ccRCC, clear cell renal cell carcinoma; PK, pyruvate kinase; siRNA, small interfering RNA; RT-qPCR, quantitative real-time PCR.

Availability Of Data And Materials {#S0007}
==================================

The datasets analyzed during the current study are available from the corresponding author on reasonable request.

Author Contributions {#S0008}
====================

Mi Zhou conceived and designed the study. Shuai Wang, Wei Zheng conducted most of the experiments and data analysis, and wrote the manuscript. Alin Ji, Dahong Zhang participated in collecting data and helped to draft the manuscript. All authors reviewed and approved the manuscript. All authors contributed to data analysis, drafting or revising the article, gave final approval of the version to be published, and agree to be accountable for all aspects of the work.

Disclosure {#S0009}
==========

The authors declare no conﬂicts of interest in this work.
